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Introduction
Chronic obstructive pulmonary disease (COPD), which is characterized by irreversible airflow obstruction, is a major cause of morbidity and mortality worldwide. 1 Cigarette smoking is the most important known risk factor for the development of COPD. However, the susceptibility toward developing airflow obstruction and the specific clinical phenotypes manifested are markedly variable. Occupational exposures and air pollution are also known to contribute to the risk of COPD and may contribute to the development of COPD among nonsmokers.
The BOLD study assessed airflow obstruction prevalence in different countries and found substantial differences between countries in the prevalence of COPD, 4 although most of the COPD cases had mild or moderate disease. A recent international patient survey showed substantial variations in respiratory symptoms and health status. 5 Ethnic differences, filterless cigarette use, air pollution, and other environmental exposures may affect COPD-related phenotypes including airflow obstruction severity, respiratory symptoms, and comorbidities. However, only a small percentage of severe COPD subjects, who have the greatest increased risk of COPD mortality and morbidity, has been included in such international studies.
We enrolled severe COPD subjects and smoker controls in Korea and Poland in the Transcontinental COPD Genetics Study (TCGS) and severe COPD cases in a study of frequent and infrequent exacerbators from the USA. These subjects were studied with the same core set of questionnaire items and the same spirometry protocol. The participants offer a unique opportunity to compare differences of COPD-related risk factors and respiratory symptoms in these different countries. We hypothesized that severe COPD subjects in different geographic regions would have differences in respiratory symptoms, environmental exposures, and other respiratory illnesses.
Methods

study populations
We included study subjects from the TCGS (Poland and Korea) and the COPD Exacerbations Study (USA).
TCGS subjects in Poland were enrolled by the Institute of Tuberculosis and Lung Diseases (Warsaw, Poland), 6 and subjects in Korea participated at four university hospitals in Korea. All TCGS subjects were over the age of 40 with at least 10 pack-years of cigarette smoking history. Cases had severe to very severe airflow obstruction with post-bronchodilator forced expiratory volume in 1 second (FEV 1 ) ,50% predicted and FEV 1 /forced vital capacity (FVC) ,0.7. Control subjects demonstrated normal lung function (post-bronchodilator FEV 1 80% predicted and FEV 1 /FVC 0.7). Subjects were excluded because of concomitant respiratory disorders such as diffuse bronchiectasis and interstitial lung disease affecting pulmonary function (except for asthma), lung surgery, pregnancy, and respiratory infections in the month before enrollment. We also excluded subjects with known tuberculosis (TB)-associated lung parenchymal destruction that may have contributed to airflow limitation based on the involvement of more than one lobe of a lung.
COPD Exacerbations Study subjects were enrolled at Fallon Clinic and Harvard Vanguard Medical Associates in Massachusetts, as previously reported. 7 Subjects were over 30 years of age with at least 10 pack-years of smoking, and severe COPD subjects met the same spirometric criteria as TCGS COPD cases. Frequent exacerbators had an average of two COPD exacerbations per year while non-exacerbators had no exacerbations in the prior 12 months. Subjects with chronic lung disorders such as lung cancer, TB, pulmonary fibrosis, or asbestosis were excluded.
Subjects underwent standardized pre-bronchodilator and post-bronchodilator spirometry, using the EasyOne Spirometer (ndd, Inc, Andover, MA, USA), in accordance with American Thoracic Society/European Respiratory Society criteria. 8 Post-bronchodilator spirometry was performed ~20 minutes after administration of 180 µg of albuterol via a metered dose inhaler. Subjects completed a modified American Thoracic Society Respiratory Epidemiology questionnaire. 9, 10 Questionnaires in Polish and Korean were back-translated to English to confirm translation accuracy. Respiratory symptoms and illnesses were assessed by the same questions in all three countries. Usual cough was assessed by the question "Do you usually have a cough?" Usual phlegm was assessed by the question "Do you usually bring up phlegm from your chest?" Wheezing was assessed by the question "Does your chest ever sound wheezy or whistling?" Attacks of wheezing were assessed by the question "Have you ever had an attack of wheezing that has made you feel short of breath?" Chronic bronchitis was defined as both cough and phlegm for at least 3 months per year for at least the last 2 years. All subjects provided written informed consent, and this study was approved by the institutional review boards at each participating institution ( 
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severe COPD cases from Korea, Poland, and Usa tests were used for univariate analysis of continuous variables. Differences in respiratory symptoms and other respiratory illnesses between different countries were assessed using multivariable logistic regression with the country of origin as the dependent variable, while adjusting for sex, age, pack-years of cigarette smoking, and FEV 1 (% predicted). All analyses were performed using SAS (version 9.4; SAS Institute Inc, Cary, NC, USA).
Results
From the TCGS, 316 Polish subjects and 173 Korean subjects with severe COPD were included. From the USA, 339 severe COPD subjects from the COPD Exacerbations Study were included ( Table 1) . Controls for the TCGS included 322 Polish and 256 Korean smokers with normal spirometry.
Comparison of demographic, spirometric, and clinical characteristics of severe COPD cases
Severe COPD subjects from Korea were almost entirely male, while Polish cases tended to be younger (Table 1) . Body mass index was lower in Korean subjects, and lung function levels were slightly more severely reduced among cases enrolled in Poland.
In univariate analyses of respiratory symptoms (Table 2 and Figure 1 ), COPD subjects from Poland had higher rates of usual cough, usual phlegm, and chronic bronchitis defined by cough/phlegm in 3 months a year for 2 years as well as greater dyspnea (modified Medical Research Council scale) than patients in Korea and USA. Korean subjects reported decreased prevalence of ever wheezing but more frequent attacks of wheezing. Respiratory illnesses and environmental exposures also differed between groups. Korean COPD patients had higher rates of history of self-reported TB and history of physician-diagnosed asthma, but lower rates of pneumonia, attacks of bronchitis, and lung trouble before the age of 16 ( Table 2 ). USA COPD patients had higher cumulative smoke exposure (pack-years) and earlier age of smoking onset. COPD cases in Poland and USA reported more frequent occupational exposures to gases or chemical fumes than in Korea. Similar relationships were observed in analyses limited to male COPD subjects only (Table S1 ).
subgroup analysis in COPD cases with FeV 1 ,30% predicted
In order to determine whether differences in respiratory symptoms, other respiratory illnesses, and environmental exposures were consistent for both severe and very severe COPD subjects, stratified comparisons were made for COPD subjects with FEV 1 ,30% predicted and FEV 1 values equaling 30%-50% predicted (Table 3 ). Compared to analyses in the full set of COPD cases, similar trends in univariate analyses were observed across both severity strata for respiratory symptoms, with more cough/phlegm and dyspnea symptoms in Poland; differences in the prevalence of attacks of wheezing were not significant. Higher rates of TB and physician-diagnosed asthma and lower rates of pneumonia were observed in both strata among Koreans. Differences between populations for occupational gas/fume exposure were not significant among very severe COPD cases.
Comparison of respiratory illnesses and environmental exposures in COPD cases and controls in Korea and Poland
To determine if the observed differences between severe COPD cases between countries could be related to population-level differences that would also be observed in smokers without airflow obstruction, we compared COPD cases and controls in Poland and Korea (Table 4) . In both countries, the rates of TB, pneumonia, lung trouble before the age of 16, and attacks of bronchitis were significantly higher in COPD cases than controls. Cumulative smoke exposure (pack-years) was higher among COPD cases in both countries, while occupational gas/fume exposure was only higher among COPD cases compared to controls in Poland.
Multivariable analysis for country-specific effects of respiratory symptoms and respiratory illnesses
Multivariable analysis was performed with adjustment for age, sex, pack-years of smoking, and FEV 1 % predicted Kim et al to determine which respiratory symptoms among severe COPD cases were significantly and independently associated with the country of origin. As shown in Table 5 , increased prevalence of chronic bronchitis, decreased prevalence of attacks of wheezing, and increased dyspnea were associated with Polish COPD cases relative to both Korea and USA. Increased prevalence of chronic bronchitis was noted in COPD cases in USA relative to Korean COPD cases.
Similar multivariable analyses were performed with other respiratory illnesses ( Table 6 ). As in the univariate analyses, a history of TB and physician-diagnosed asthma were most strongly associated with Korean COPD cases relative to USA and Poland. TB was associated with Polish rather than USA COPD cases, while asthma was associated with USA rather than Polish COPD cases. A history of pneumonia was less strongly associated with the Korean COPD cases relative to Poland and USA, while attacks of bronchitis were most strongly associated with Poland.
Discussion
In the current study, we compared clinical characteristics of severe COPD subjects whose post-bronchodilator FEV 1 values were ,50% of predicted from Korea, Poland, and USA. Prevalence of respiratory symptoms and other respiratory illnesses, as well as demographic and smoking exposures, differed substantially across severe COPD cases from these three countries. TB and asthma were more common in severe COPD cases from Korea. In Korea, severe COPD was observed almost exclusively in men; this is likely due to the historically higher rates of smoking among men than women in Korea. Chronic bronchitis and dyspnea were more prominent among Polish COPD cases, while wheezing was less frequently reported. Polish COPD cases reported high rates of previous pneumonia and attacks of bronchitis; they reported an elevated rate of TB compared to USA. COPD patients in USA had high rates of attacks of bronchitis and 
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severe COPD cases from Korea, Poland, and Usa pneumonia. Thus, our results revealed that patients with severe COPD showed important differences in clinical features associated with COPD and varying histories of respiratory illness and exposures between these three countries.
In terms of past respiratory infections, rates of a previous history of TB were highest in Korea. History of TB treatment has been previously reported to be an important risk factor for COPD 11, 12 with a high prevalence of airflow obstruction after treatment of active TB. 13 Prevalence of TB in Asian countries is higher than that in Western countries.
14 Compared to other countries, South Korea is known to have a surprisingly high prevalence of TB given its level of economic development. 15 We excluded subjects whose airflow limitation was known to be related to parenchymal lung destruction from TB; however, undiagnosed bronchiectasis or other lung parenchymal damage from TB may have contributed to the characteristics of severe COPD subjects in Korea. Although a history of infection with TB may be an important risk factor for COPD, the impact of previous TB on the development and degree of airflow limitation has not been reported. Studies examining how regional differences in TB may affect the severity of airflow limitation in COPD are warranted. We suspect that the differential impact of TB on COPD risk in Korea, Poland, and USA is related to differences in TB prevalence in these countries. However, the significant differences in TB rates between COPD cases and smoking controls in both Korea and Poland (Table 4) suggest that TB is a potentially important risk factor for COPD in those countries. In contrast to the history of TB, a history of pneumonia was more common in Poland and USA than in Korea. Respiratory infection in childhood has been suggested as a risk factor for COPD, 16 ,17 and we did observe higher rates of nonspecific "lung trouble before the age of 16" among COPD cases relative to controls from Korea and Poland. Because COPD subjects are also more susceptible toward developing pneumonia, it is unclear if the high rates of pneumonia in severe COPD subjects in Poland and USA are a cause or consequence (or both) of COPD. Although we excluded subjects known to have diffuse bronchiectasis, COPD with bronchiectasis may be more prevalent among subjects with a previous history of pneumonia; previous reports have suggested that COPD with bronchiectasis may be a more severely symptomatic subgroup within the COPD population. 18 Further research will be required to determine if the rates of bronchiectasis among severe COPD subjects in Korea are lower than in USA and Poland. The findings of our current study suggest that the differences in the prevalence of respiratory infections, including TB and pneumonia, across countries may contribute to the different clinical features within COPD patients with similar severity of airflow obstruction.
As risk factors for COPD beyond cigarette smoking, we analyzed occupational exposures to dust and noxious gases as risk factors for severe COPD. Occupational exposures to vapors, gases, dust, and fumes have been suggested as risk factors for the development of COPD and increased mortality. [19] [20] [21] Previously, occupational exposures were found to contribute to increased chronic cough and persistent wheeze in the COPDGene study. 22 In our study, occupational gas and fume exposure was more common in severe COPD subjects from Poland and USA than from Korea. This finding also suggests that different occupational exposures may contribute to different respiratory symptom patterns among countries.
Interestingly, chronic bronchitis and dyspnea were more prevalent among severe COPD subjects in Poland than in Korea or USA. Since chronic bronchitis and dyspnea are symptom-based diagnoses, differential thresholds for reporting symptoms or cultural differences may affect the prevalence of these respiratory symptoms in different countries. As an example, women may respond differently to exposures, and they tend to show severe COPD-related symptoms. 23 Women comprised a much larger percentage of COPD cases in Poland and USA in our study. Attacks of wheezing and physician-diagnosed asthma were most prominent among COPD cases in Korea. Whether these differences relate to differences in disease pathogenesis or to differences in symptom reporting and health care practices will require further Notes: *Korean COPD cases are considered the reference population (ie, Or ,1 denotes "decreased" prevalence in Korean cases). **Usa COPD cases are considered the reference population (ie, Or ,1 denoted "decreased" prevalence in Usa cases). logistic regression models used country of origin as the dependent variable, with independent variables including all three respiratory symptoms as well as age, sex, pack-years of smoking, and post-bronchodilator FeV 1 (% predicted). mMrC dyspnea is expressed as Or per 1 unit change in mMrC scale. Abbreviations: mMRC, modified Medical Research Council; COPD, chronic obstructive pulmonary disease; OR, odds ratio; CI, confidence interval; FEV 1 , forced expiratory volume in 1 second. 
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severe COPD cases from Korea, Poland, and Usa investigation. Additionally, differences in race, culture, the prevalence of current smokers, and risk factors for respiratory irritation could also influence the different prevalence of respiratory symptoms within COPD patients with similar severity. Our study has several important limitations, and therefore we view our findings as hypothesis generating results that will require further investigation in other study populations. First, since the enrolled subjects were not selected randomly but were recruited from referral hospitals in each country, it is possible that selection bias could contribute to the observed differences in patients with severe COPD. However, because we focused on severe and very severe COPD patients who would be expected to have already initiated medical attention for their COPD, the impact of selection bias was likely attenuated. The potential impact of differences in subjects' recruitment and treatment with respiratory medications on the observed differences in respiratory symptoms and other respiratory illness will require further investigation. Although the minimum age for enrollment was lower in the USA study (30) than the Poland and Korea studies (40), the youngest participant in the USA study was 39 years old. Second, criteria used to exclude TB patients differed between the TCGS and COPD Exacerbations studies. In TCGS, subjects with significant lung parenchymal destruction related to TB were excluded after reviewing available radiographic studies based on the involvement of more than one lobe, 24, 25 while in the COPD Exacerbations Study, subjects with self-reported chronic lung problems related to TB were excluded. However, it is unlikely that these exclusion criteria account for the large differences in the rates of TB observed between different countries. More systematic evaluation of lung parenchymal damage from prior TB with standardized chest computed tomography scans would be useful in future studies. Third, although we used the same questionnaire items in the three countries, it is possible that regional differences in interpretation of these questions or in the use of medical diagnoses could have influenced our results. It is intriguing that asthma was frequently diagnosed in Korean severe COPD subjects but rarely diagnosed in Polish severe COPD patients; however, it is unclear whether this difference is due to disparate disease characteristics or differences in the use of the diagnostic term of "asthma" in these countries. Fourth, the sample size of the Korean COPD population was smaller than USA and Polish populations, which could have reduced our power to detect differences in the Korean population. Finally, our USA population was enriched for frequent and infrequent COPD exacerbators, rather than including all severe COPD subjects -this may limit generalizability of our results.
In conclusion, this study found that respiratory symptoms of COPD patients and the associated respiratory illnesses were markedly different in severe COPD patients of similar spirometric severity among three countries across continents. Our results suggest that regional, racial, and environmental differences, as well as differences in diagnostic criteria and comorbidities, could be potential contributors to global COPD heterogeneity.
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